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ABSTRACT

¢
!

Q\{Integrated circuits are distingu'ishod from thin-film and hybrid
circuits. Current and probable future failure rates, performance,
and physical characteristics are described. Yicld and its relation
to cost are discuassed, as are other manufacturing and application
considerations. High reliability, smaller size, and the ultimate
low costof high volume production are expected. Because of
these factors the use of integrated circuits rather than thin-film
circuits is predicted for all cases except the few for which they

inherently lack the necessary performance.
oA
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I. INTRODUCTION

Remarkable progress has been made in integrated circuit technology in__:'t'h‘é
first six years of its existence. This circuit technique has come to be
accepted as the dominant one of the future. For this reason,"vincreasing
numbers of companies refer to their circuits as integrated when, in reality,
they are either types of thin-film or hybrid circuits. Some manufacturers

who make true, integrated circuits have had to resort to calling them

"monolithic" integrated circuits; it is these circuits that the author classifies

as integrated circuits. A rnore proper name for the three techniques, -

classed as a group, is microcircuitry.” T e T T

To avoid misunderstahding, in this report the following definitions apply:

the term, integrated circuit, when used without the modifying words, hybrid

or thin film, refers to the technique whereby the entire circuit is formed
from a single-crystal chip of semiconductor material; the chip, itself, con-
tains the various active and passive circuit elements. Thin-film refers to a
circuit comprised of discrete elements that are deposited in layers and tkat
have a common, passive substrate. The designation, hybrid, means a cir-
cuit that is formed by the combination of an integrated circuit with one or

movce discrete devices,
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II. FAILURE RATE AS A FUNCTION OF TIME

Al DETERMINING A FAILURE-RATE MODEL

For many years reliability engineers have utilized a constant'failufé-
rate (exponential distribution) model to describe the behavior of most electronic' |
components. . There are two primary reasons for this:

a.  Tests established that within the useful life of equipment using

these components, failures appzar to be random,

b. From a statistical and testing viewpoint, the constant failure-

rate model is the simplest to use. )

Many engineers now Goubithe validity of the.first.reason:~ Some recent
tests have shown tha* transistors, capacitore, and other components have a
decreasing failure rate, and that their behavior is best represented by the
Weibull distribution, |

- N
Fit) = 1 - exp [_:.(.E_‘_YL]

a

where, fo.r'd'u"i" purposes, 7, the location parameter, is zero; and B, the shape
parameter, is less than one. If B were one, the Weibull distribution would
simplify to the exponential distribution.

The Weibull distribution has two disadvantages.‘ First, it has very
limitedrﬂéxibility, because failure rates are a function of time, and, second,
there are dirainishing returns on obtaining failures as test timé' is increased.
The advantages of the Weibull model are the reduction in life test unit hours
required to demonstrate reliability goals and the applicability of burn-in to
improve reliability. |

The primary problem in determining the most realistic 4f~_ﬁai1pr_>efrate
model is to accumulate enough test hours and f;_‘:tiylures’ under cméx.i.trolwlwéd con-
ditions to discriminate statfstically between different models. | This is
especially true of integrated circuits where tens of millions of ﬂtest hours must
be accumulated just to estimate the failure rate.



At present, the hypothesis that integrated circuits have a "ée'c“'reasing

fatlure rate is based more on the nature of the technoiogy than on test results.

Many manufacturers believe that the nature of integrated circuit construction
previudes any "wearout” during reasonable lifetimes, "and that.failures are
traceable to weaknesses that existed in the circuit structure and should have

been detected in most cases at final inspection. .

The question of constant vs decreasing faxlure-rvate‘.mo‘dele-for-irite- '
grated circuits will probably not be settled for several years, if aver. As
failure rates are decreasad to below 10'8 per hour, such questmns will
become more academic than important except, perhaps, to determine the

advisability of iutegrated circuit burn-in.

B, ESTIMATED CURRENT AND FUTURE FAILURE RATES

Current standard integrated circuit failure rates appear to be between

1 x10°% and 5 x 1078 per hour under laboratory conditions at 25°C. This

estimate is for devices that have passed r1g1d environmental tests and opt1cal-

and electrical inspection. Carefully designed custom-mrcmts that are
produced in volume should also approach this failure rate. The failure
rate appears to be independent of circuit size and complexity.

Prediction of future failute rates is difficult because of tﬁe‘_significanc,e
of the human factor in the manufacture of su’ch“'high-reliabili.t-,r";d"e')ices
Currently, many failures can be attributed to human-error. Thts is espe- -
cially true in such operations as Optlcal mspectxon, handlmg, testmg, and
application. For these reasons, it is not expected that the: fazlure rate will
drop very much below 10~ -8 per hour, since the human-fa.ctor w111 eventually
become the primary source of failures. Automatmn is expec.w"d;to 1mprove

the situation somewhat in the areas of device processmg, but

" hardling and application are expectod to be contmumg causes of "fallu.re.
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1II. FAILURE RATE AS A FUNCTION OF TEMPERATURE

All failures of integrated circuits or other semicoaductor devices can
be considered to manifest themselves as parameter degradations. Indeed,

even catastrophic failures, such as open bonds, often fcrecast their imminent

failure through parametric fluctuations. R

A. MATHEMATICAL MODEL

The mathematical modell that has been proposed to express parameter
degradation, hence, failure rate as a function of temperature, is derived
from the Arrhenius Eauation, which is used by chemists tordescribe chemical
reaction rates as a function of temperature. The usual form. of. the equatidn
is k = k exp (-¢/RT), where k is the reaction rate, € is the actwa.tzon energy,
R i the universal gas constant, and T is absolute temperature

Chemists have found that k is a constant for those reactlons‘that pro-
ceed by a single mechanism. Fcr bimolecular reactions, k must Le taken
as proportional to \/—_ while for more complex reactlons, k mus» be pro-
portional to T. However, in most cases, this linear or square -root depend-

ence upon the temperaturc is usually negligible comparedgwlth‘the exponentm'l_/_

factor. _ ‘ P
If the Arrhenius Equation is modified for'bur use, we canfcombine €
and R into one constant, b, anr" consider k. as the fallure rate rather than a

chemical reaction rate. This gives us the faxlure rate, k= k e:&p (-b/T).

From the common log of both sides, we. have .

logk = log k. T

This function will plot as a straxght line w1th slope -b/Z 3on log inverse
paper if k 1s indecd independent of T, i.e. _if the failure: proceeds by a
single mechamsm Empirical tests on mtegrated circuits ha\e established

that for a wide range of temperature (25€C< 300), th_zs is th_e__: case.



Frurthermore, the value of L appears to be a constant (b & 3358) for most
virdaits tested; el temperature accelerates the failure rate of all inte-

grasea circuits to the same extent. The value of ko varies with the manu-

facturer, date of manufacture. and type of circuit. ‘Test results from 1963
1.5

have placed the value o{ k, between 107 and 10-3. The value may be

even smaller than 107 for circuits currently being manufac.ured
incorporation of these constants into the equation and g\pressxon as an

exponential gives the failure rate per hour as k = 1C —[“460/T) +a]‘ where
k = 1072

(3}

B. TEST RESULTS

In Fig, 1 are shown the resuits of two tests that were conducted to
determine failure rate as a function of temperature (the solid lines:repre-
senting Signetics data from October 1962 to February 1964 and Tl data from
1962). Two other recent sm;.,le-t( mperature test results have also been
plotted. (Smce no failures occurred in the MIT test of Fa_xrchxldcmcuxts, the
ohserved poiint actually represents the 50 ;bercent confidence-level poin.t. |
A dashed line has been drawn through onev',oﬂf these — the Fairchild '6l - '64
datumn point — with the same slope as the solid lines. This line probably
represents the best failure rate thnt can be expected at any g'ven temperature
for integrated circuits being produced today The curves should not be inter-
preted as retlecting relative differences between these manufacturers abilities
to pr oduce reliable circuits. In stcad, these variations are due’ pnmarlly to
’differences in manufacturing dates and other tests the circuits .a’.rbe subjected

. to before being placed on life test.

In Fxg. 2 is illustrated even more c]car]y the effect of tompcrature on
the failure rate. With the adoption of 25 C;as a norm, the curyg ‘shows the
failure acceleration factor as a function of teinp’cra'turé. Whilé‘-".s:c)me manu-
facturers specify the use of their circuits at temperatures as hlgh as 125°C,
data in Fig. 2 _:,how that the expected failure rate at this temperature is 17
times the rate for 25°C.  Thus, operating at low temperatures is as important

a reiiability consideration as derating is for conventional discrete devices,
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IV. PERFORMANCE AND CHARACTERISTICS

In the use of integrated circuits a considerable number of performance
compromises must be made. Fortunately, most of them are not critical for

digital computer circuitry.

A, _VAILABLE ELEMENTS

Although a great deal of effort is being made, integrated circuit induc-
tors are not expected to he developed within the foreseeable future. It appears
that thin-film coils will have to be used in applications requi't?hg inductance.

The values and tolerances of available resistors are sofhewhat limited
in integrated circuits. A tolerance of 20 percent is nominal £or integrated
circuit resistors, primarily because of width variations resultmg from
chemical undercutting effects during proceqsmg A10- percent tolerance
can be obtained by making the resistors twice as \v1de, but thxs requxres
four times the surface area for the same resistance and also mcreases
parasitic capacitance. While absolute resistance tolerance is poor, this
problem can often be circumvented by designing around resiSianCe ratios
where tolerances of 4 percent are easily maintained. |

The total amount of useful resistance on an mtegrated circuit chip of
nominal size is from 75, 000 to 100, 000 ohms at the 20~percgnt tolerance
level. Needs in excess of this are most economically obtair’ié& via thin-film
resistors. While impfovements are being made to increase the resistance of
integrated circuits, it does not appear that an inc rease by m}x"ch more than a
factor of two or three can be economicaily achieved in the fuﬁii‘e, unless there
is a major breakthrough in the technology or a thin-film techmque is used.

Most integrated circuit capacitors use thermally grown sﬂlcon dioxide
as a dielectric to avoid the lower Q, voltage sensitivity, and low-breakdown
voltage of diffused junction capacitors. Silicon dioxide capac1tors have a
breakdown voltage of about 50 volts and a value of approxxmately 0.3 pf/ square

mil. The total value of useful capacitance available on a typical integrated



circuit chip is from about 150 to 200 pf. For capamtance much greater _

than this, some type of thin-film technique should be conszdered

5. SPEED

The speed of operation of integrated circuits has been mcreasmg., rapidly.

In the past few years, the rate has doubled every year. Currently a.vaxlable
logic stages operate in the 15-nsec propagatlon delay time- range* mtegrated
circuit speed is being limited by the paramtxc capacxtance between the Junctlon-

isolated portions of the 'circuit and the substrate.

A buried-layer process, in whh.h an e*ctra n+‘ a.yer 13 _j,f{uéed between

¥‘propagation

0 to 15 nsec.
e'iéubstrate and ‘
50 -percent

reduction in parasxtlc capacitance and the hlgher spt‘ed

Later this year, a new techmque wxll reach:t e:produ 1on lines where- -

by a thin isolating barrier of silicon: dloxzde w1ll be 'sed b ‘een the substrate -
e. This

development will enable mtegrated cxrcuxts to break the l'O-nsec propagation

and transistor to essentially ehmmate the:“ aramtxc ;.ca"pa it

delay time barrier for DTL logic, whxch pla’_es them m the ame class. as

hybrid and discrete circuits. This 1solatm barner wﬂl al‘

'--l.allow. integrated
to those of thin-

more sensitive to

circuits to have radiation- resistant charactenstxc "“'equlvaly
film c1rcu1ts At present, mtegrated c1rcu1ts are somewv
radiation than thin films, due to the. breakdown under racha on of the back-

biased diodes now used in Junctlon 1solat1on

C. VOLTAGE AND POWER LIMITA'-.TIONS SR :

Usually, the voltage limitations of ntegrated cu'cmts are not a problem
for digital circuits, except perhaps at mterfaces thh other ‘ypes of circuits.

Power is currently in the 3- to 5- mllhwatt range for dxgxt

ytes and is

.,

generally traded off somewhat for mcreased speed f"’i{_‘Mamm :";"'-"pbwer dissipa-

tion for integrated circuits is a few- hundred rmllxwatts and pecxal considera-

tion must be given to applications requu'mg more than thxs



[

Vo

V. PHYSICAL ASPECTS

A, SIZE AND COMPLEXITY

Today, most standard-line integrated circuit chips measure from 35 to
70 miis on a side. Since they are processed from a.l -incth_iam'eter wafer,
there are approximately 150 to 600 circuits per wafer. '.thxﬂ spec.ial circuits
are considered, the number per wafer varies from less th'aﬁ:SO- io about 1000
While circuit chips can be made almost any size, exper:ence has shown that
vield is exponentially related to chip. arca and tha‘t ch1p sizes ;ess than-a 20-
mil square are too difficult to handle and process ‘ ER

As the technology 1mpr0\ es and process tolerances are redu‘.ed the
yield-size relationship w 117 encoura;.,e chxp 51ze reductxons toward the 20- rml

square lower limit. In from three to four years c1rcmf £unct1ons are expec-

ted to occupy only between 10 and 20 perr'ent as. much chxp surface as they~do- ==
today. This reduction will take two forms F1rst the hxghly complex cu--
cuits now bcmg placed on larger chips w111 gradually decreaee in size as the
resolution with which circuits are built 1« improved. This will result not

only in smaller chips--but also in the surface eff1c1ency (the amount of silicon
chip utilized) being increased.

The second reductlon will come from more complox c:rcxutq being

"placed on a single chip. Intorconnoctxone between the chips currentl" cause

size, weight, and reliability problems. Reduction of the number of chips in

" a subsystem by placing more circuit functlons on a single chip drastically

reduces the number of interconnections required. Logic 'gaf_:c'::s', flip-flops,
and adders are now being placed on a single chip. Within a year, shift
registers and decade counters will be produccd in quantity. Within about
three years, combinations of these circuits \nl] be bmlt on’ thc same chip.
Since integrated circuit economy depends upon a large: ‘olumc of like
circuits, compl nty is not exnected to go much beyond the pomt of placing
two different types of circuits on the same chip. \Iore cumple\ circuits

wouid be too specialized for them to be used in quantxty

10



B.  WEIGHT

Typically, the use of integrated circuits ,hasvre.d"u'ced‘ fhe elght of

subsystems by a factor of from 5 to 10. Seme of this fedudtion "avs achleved

because integrated circuits are lighter than the dxecrete components they

replace. Most of the reduction in weight is due to the fact that the subsystem
has fewer circuit boards, plugs, interconnections, and a smaller case. . '

In the future, the weight is expected to be sav ed almost entxrcly from
reduced packagmg weight. Reduction in the size of mtegrated cxrcults will-
not contribute significantly to this saving, but the mcorporatmn ot' several-
circuit functions on a single Chlp will, In.a: few years, when more comple\:
circuits are integrated on a bmglc chip, weight reductxon by a factor of about

N

2 can be expected for m.egrated subsvstems

C. PAC KAGIN

Integrated circuits are- ﬁackaged in one o£ two wayq a m ,d\ﬁed metal

transistor header or a flat pack..

1. THE TRANSISTOR HEADER

This type of package, sxmxlar to-a TO 5 can, ‘is typlcally 3/8 inch in
dxameter, about 1/4-inch hlgh and has 8 to 12 pms There 1s usuallv some

variation in helght dnpcndmg on the type of cu'cmt Another header used'is

1/4 inch in diameter, 0.075- mch high,. and smnlar to the TO 1 can

The transzstor header package was’ mtroduced fxrst It .has_ the advan-

tages of a long history in the’ tranqlqto:r f;e,l iugh\'xeld. '-f}é.l'anyéiy. low cost,

and can be easily sealed.

2. "THE FLAT PACK

The flat pack is typically 1/4 by 1/4 or 3/8 by 1/8 mch'},:_ ‘ith; a thickness
of from 0.04 to 0.06 inch and has 8 to 1+ leads It is usual]y constructed of
glass or 31m11ar material and has a hxgher breakage and seal fa11ure rate-
because of this. ' However, the flat pack is smaller,~ l'end‘!"ztself more easlly

to the use of a larger number of leads, and is eas1er to arran“'e in the

11
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subsystem package. High customer demand and success in ;édﬁéing_thg

breakage and seal problem are expected to result in a marke"d'yblux'tié' aavéﬁ;-",

tage for them by the end of the year. Considerable effort is being made to

make them less fragile and more easily processed.

12



VI YI'E.LD

Currently, the factor of yield has the greatcst xni’lu _"on the econom

ics of integrated circuits. There is consxderable controversy and mystery
concernmg vield, partly due to its’ many definitions. The general deﬁmtxon
of yield is the ratio of potential circuits that can be succe ssfully processed

through a series of manufacturmg steps to the total number of potential

c1rcmta that can begin the process. o - e

A T‘YPES OF YIELD

- The problem of yield arises because of the 'axffercnf pomts that” are

chosen for the bcgmmmz and cnd of the process cycle Some conslder the

" freshly cut wafer as the stafting pomt -others the. ftrst dlffusmn Among

the various ¢nd points sclected are: 1mmedlate}y before scnbmg, prxor to
packaging, after final inspection. In a certam sensec,, 1t may seem’ that over-

all yield is the most important one. However, the later a faxlure occurs Aan -

the processmg, c;cle the more c\pensne 1t 1s, smce all't ‘_"e'prevmus proc-' N
essing has been fruitless. This is espec1a11y true in such fmal steps as

scribing, packaging, and final testing. Thuq, the determmatxon and control

of the yield are necessary all along. the lme for proceqs

provem ent

B. . FACTORS AFFECTING YIELD

Yield has been lower for in tegrated cu'cults than fo \-'}lx_er Sem_i‘-v

conductor products. A year ago, most manufacturers > "i‘ét’?ﬁ"éi’fféuits
were operat'n[., at well under 1- pertent oV er all vxeld Y » ‘s not only an
unknown complex function of all the procesamg paramet lbut in general

depends on the abilities and consc 1ent.10u ness of_gt}he sem; 1V1‘11ed labor operd-

ting the process facxhtleq

Such occurrences as a slight variation in oven tempe' ature or careless

procedures in a clean room can easily rum thousands of.d llars of parha;ly

processed circuits. Each oven has its individual characterxsttcs and a switch

in operators can cause a yield drop for several batches.untll the new operator

13



obtains a feel for the oven. Often a company will use -a set offpﬂot ovens to
determine the feasibility of a new custom circuit. When all: modxficatlons
have been made and a prototype has been produced the pruductxon run wxll'be,’j

made in a new set of ovens by different operators. Yield problems are espec

ially critical at times like these and often account for the mcreased pnca-and-~~
longer delays in obtaining custom circuits. A N -

In a sense, yield is more important for integrated cil_-cui'tsrthan for other
types of semiconductor devices because for most eemiconductor devices, po'o}j,_'
yield usually results in a product which, although it does not meet desired
spec1f1cat1ons can normally be marketed as a lower grade at a’ lower pr1ce..

little or no market value.

C. CURRENT STATUS

Today, due to technological improveﬁents, int'egrated,c‘ircuit yield is |

comparable with that of the most critical discrete trapsistors. _'It is sufficient;»-.-'e

to enable most companies to make a profit and to supply the n'eeds of industry.
The exact fxgures are not released, however, prlmarlly because they would
disclose a company's competitive position, i.e., how much’ they can reduce °
prices and still make a profit. B

It is not the industry's goal to perfect its processes so as to obtain
100 percent vxeld Certain techniques are available for mcre_asmg yield,
which are not ¢cost effective. Integrated circuits are produ’c'ed* in such large
quantities that maximum economy is achieved when a reasonable yvield is

obtained at moderate proc ess coﬂt

14




Vil. COST

A.  CURRENT PRICES

Prlce
hether the cir- ENCES
P \r quahtxties xn

The retail cost of integrated circuits has been droppmg a{" tdly.-

depends primarily on circuit complexity, order sxze. and o“;:.

cuit is one of a standard line or requires a custom desxgn

. the 200 range, prices vary from $ 7 to 17 for diode arraya up o 375 tor e 5:.‘““;4

w2

;,-'for commercxal oz mduatnal applications (15 to 55 C) typx
f\.ona-thwd to one- ﬁ{th the cost mdtcated a"bove. -

5 EFFECTS OF ORDER SIZE AND pAchG‘E 'rYffie "

E 'other fixed costs can be spread over thousands of c:rcuits, ;‘1e
w"f:;'drops sharply, For orders in the range of !00 000 the cost 1
5 1¢39 than half that of small orders

. atrength and better sealmg) along with the gre&tcr demand.

G, FACTORS THAT WILL REDUCE cosr

one-shot multivibrators in standard line TO-5 conhguratmnd

Other mdxcatwefi:
prices for compute-r circuits are: single gates. 3 xz to 817 line drwers, s S
$21to0 850; regzstcrs. $29 to 855. ’ S !

Theoe circuits meet military cpecxhcatmns {- 55 to XZS

)..‘Jc_ﬂcircuxtﬂ
sell for from

Cost ‘variee consnderably with the size ‘of the order When maskxng and
"-ﬁmt cost -
xkely to be

Most mamzfarturers do not zst prxces

Standard prices usuany refer to the ‘1'0 S package Fla packs cost up

‘ to about 20 percent more. They are mherently !ess expenswe manufactute. .
"‘.,;,but yield has been low resultmg in hxgher pt:ce Most'vf:.ustom re prefcr th"

~ flat pack configuration. Improvements in the technology (e.épe -11}3’;{‘11 l_ééa" :

,'to result in a fiat-pack transistor- keader pnce crcu-over .




Ve

am& umprove packagmg. another factor whick wnll sxgmhcant}y‘reduce mte

grated circnit costs is improved circuit rcsolutmn Packagmg pstfvxs fairfy
: mde‘:endent of cirzuit complex\ty, angd yield is influenced mostlf by cxrcuit
-@ize, not complewuty Thus, better circuit resoiution will oventually aHow
more complex circuits and multiple function circuits to be placed on a chip
no iarger than that currently used, with little effect on device pnce. Hence.

the price per circuit function will drop appreciably. There will. also be

. moderate reductxon in price due both to increased production as more systems.

- are integrated, and increased competition as the integratec circuit supply
. exc,eeds ihdu"atry': demands. - ,
i By the. end of this decade, ae above factors will cause the ﬁrice of
ntegrated cxrcmts of the complox:ty used today to be reduced by another :
ord:r of magmtude Thus, in many cases, prices of less than a dollar a

ctrcmt*’functxon wﬁl be achieved. H’owever, for many apphcatxons. price.

= rednctwn per ctrcuzt function will not be refletted in'price reductmns per

dewce due to the tendency to make more complex circuits and multzple

"circuits on a smgle ch:p as the technology develops




VITT,

THIN-FILM TECHNIQUES VS INTEGRATED CIRCUITS

As pointed out in previous sections, there are. performanCP levels ,'
beyond whichk integrated circuits are not capable of operatxng at thxs tlme ‘:"'In
addition, there are certain situations in which it is not econommal to use inte-
grated circuits. Often, in cach of these cases, the solution 1s nxther to ut1117e‘
some type of thin-film technigque, or a combination of thin-film and integrated

circutts.

A, RELIABILITY

The principal advantage of integrated circuits over all other techmques, -
including thin film, is improved reliability. This is obtamed chxeﬂy through _
the elimination of intercunnections and a rcducnon in the number of mdwldual o

elements required. In general, any type of. thin- f11m techmque reqmres more"' |

interconnections and interfaces than do .mh_;‘rated circuits.

- B. FLEXIBILITY AND CAPABILITY

Thin-film techniques gain most of their current ad\'antége'from in‘c‘reasea;»
flexibility ané capabxhty High isolation: bet“ een elementb is more easﬂy
achieved. and closer tolerances can be obtamed for resxstors (1 to 5 percent)
and capacitors (5 to 10 perc ent). Passive elements with low: temperature
coefficients and semiconductors with closely controlled parameters can be
produced. Thin-{film techmques allow add-ons and circuit mo_dlfxcatmns to
be incorporated with littlé tooling change or time delay. Thexr power dissipa-

tion capability is usually several times better than that for integrated circuits.
C. COsT

The economic tradeoff between thm film cxrcultb and mtegrateo circuits
is complex. If the circuit ‘must be cus »om dos1gned thin fllms are generally
Jr-cs expensive for quantities up to 1000 or so, For largcr quant1t1es, the
int~grated circuit masxmé costs (about § 5000) and other 1x>.ed costs are spread

out over cnough circuits for the per-unit oobt to be lower than,for: thin-film.

17




SomeT

o

‘czses where integrated circuits lack the necessary performance

However, when the circumstances are such that standard mtegrated cu'cmts

can be used, the price advanfage is usually w1th 1ntegrated‘
relatively small quantities. As the integrated circuit produ hhes'-éiqsiﬁd _

and prices drop, it is expected that thin-film circuits W111 b__‘_

rcuits, ev_ep.“ for:

sed’ only in
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- FAILURE RATE

Gt«mdard integrated cu‘cmts prodm c-d today

L ing 107 ncr hour under benign condxtzo—w. Sufiu*len dat

S determme whcther this faxlure ratr- is

The faxlu* : ram increases Iogarlthmmall)'thh thc 'm. eT 5

m.t logic s'vcgd is currnntly .pnroac‘.u

“:trc»ublesome m anal(n c uts.

'INT‘-‘GRA'I ED CIR TIT CHIPS

Integrated c_n‘r'uxt ch ips

are usuallv square and Val y‘from 20 to 80 mils’

.;_chxp

. their dzscrete cxrcmt counte v n-h \{urh of *hxs 1m rO\ em

?'reductlon in “hc number of vircuit '}Odrdﬁ;
< N . ‘- .‘

s'maller case-.‘

D 'IRAJ\*;IS"“ORH EADERS VS FLAT

' and flat packs. A]though they ar» oy

lower yteld and hlL,l.\: brnak(wc rate,

=
noT REPRODUCIBLE




L rar—p— s e b

‘by an order oi magnitude. In many cases, pl‘lC("s of one do]

& funchon w:ll he recalirzed.

?“G. ‘ ADVANTAGI:.s or INT EGRATED c:mcm*rs

‘ offﬁin-ﬁlm-toclmiquc provides more flexibility or. capah:x'h

’lack the necessary performance.

to«do'minat‘e the'market due tdftheir«"iq‘

ultimate lower manufacturing cost.

E. YIELD

manufacturing process. Due to the newness of t‘ns com'ple.

1ts relxance on semiskilled labor durmg several cr1t1ca1 .

compamcs to meet demand and make a proﬁt

F. vpmcz

‘per cu'cmt .

The primary advantages of mtcgrated < ircuits over t}u‘ ilin techniques. .

are higher rohabxhty. *‘:‘dll(-r size. and a ]oum' hxgh volume" c'ost The use

m thc arcas of

cire uxt desxgn and modification. clement toler mr‘(' and po, it sxpatmn

‘Thln filmsg will ultimately be used only in casges v.horr wte;.,ratod cxrcmtq
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There are several different series of techniques used in integrated

“circuit construction, especially in regard to the types of diffusions ussd.
‘The Fairchild planar epitaxial is typical of the construction being used in

- Qroduction runs by most manufacturers. Planar denotel that ml iunctimu

_ “of the circuit are terminated on one plane, i.e., on one side of the lubltra%e

:Ep\taxxal refers to a single crystal layer of doped silicon grown upon a silicon

WAFER PREPARATION ' : -

This process is begun by cutting 0.01- mch slices of p-type doped sili- .=
‘con from a l-inch-diameter crystal cylinder. The wafers are then lapped, o

- _polished, and chemically etched until they are smooth and have a thickness of
- ?;lbout 5 mils. Next, the wafers are placed in a high- temperature furnace
- having an oxidizing atmosphere. The oxygen combines with the surface sili-

“con to form an encapsulating and passivating layer of silicon dioxide. —

MASKING PRODUCTION

2.

For each diffusion and deposition process, a high resolution mask has

%een made. This is achieved by first drawing the desired pattern to a scale

many tunes actual size. The drawing is then photographically reduced and

—dupl:cated repeatedly until the final mask for the particular process has o :
“—hundreds of identical tiny patterns that correspond to the circuits to be made

from a single wafer.

3. INITIAL DIFFUSION

The wafers arc coated with a photosensitive material in the absence of

- light and then exposed through the high Tesolution collector cut-gut mask. =




. dxoxxde layer from the unexpoaed portxons of the wafer.
- * Next these wafers are placed in a high-temperature furnace that con-
tains an n-type dopant. This impurity diffuses into the surface of the wafers

_where the silicon dioxide has been removed. These highly doped_ nt dxffunon

“areas are the transistor collector portions of the circuit: T e

EPITAXIAL GROWTH

Next, an epitaxial layer is grown over the entire wafer surface, by

= first removing the passivating silicon dioxide layer with an acidic etch. The

_-wafers are returned to a furnace where, through chemical reactions to volatile
Tgasel. n-doped silicon is grown on the wafer surface. This layer assumes the _ .

- “same crystal orientation as the p-type wafer substraie, and it actually becomes °

~~~7an extension of thisr material. The thickness and resistivity of this layer are

" chosen to meet the needs of the particular circuit being formed. Following
i) this growth, a new passivating layer of silicon dioxide iz grown in preparation

[or the next diffusion. o e

5. ISOLATION DIFFUSION

The next step is the isolation diffusion. In this process, bands are

_‘etched through the silicon dioxide surface in such a manner as to separate

_ _;ghe different portions of the circuit from one another. The wafers are then

__‘}—_};—.__%laced in a furnace containing a p-type dopant that diffuses through the exposed
~-epitaxial n-type region and extends through to the substrate. This diffusion

isolates several pockets of n-type material from each other in each circuit,

which become transistor or resistor regions as the circuit is formed. During

" this diffusion, a new protecti
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_BASE, RESISTOR, AND EMITTER DIFFUSIONS

:::' e Following this diffusion step the wafer is etched for simuitaneous base '?_

~ und resistor diffusion. A p-type impurity is diffused intc the epitaxial layer =
—_10 form the base collector diode in the transistor regions, as well asallof

“—the resistors in the resistor regions. The oxygen lemocphﬂ'o of the mm-

The next, and last, diffusion step is for the emitter. Aﬁsi' mhw.‘n
_ n-type impurity is introduced into the furnace to form the emitter regions and
—=the topside collector contacts. As before, a new layer of silicon dioxide =

. forms to seal the surface. Now, all of ths regions have been formed. The ,
'*n’x‘ '“P is to intraccnnect them to (om thg dg.{r.d circuit. ) SRR

. ::mrncomncnons ' =0

The first step in forming the intraconnections is that of photoengraving
Mct over the appropriate regions of the device in order to make contact with
“the diffarent portions of the circuit. Then the wafers are placed {n u high-
vacuum oven containing a metal evaporator. Aluminum is boiled from a hot
~filament and forms a thin coat over the entire wafer surface. After removal
*from the oven, the wafer is telectively etched to leave a pattern of intra-
-connections betwaen the various circuit elements. The wafers are placed in

n alloying oven to assure good electrical contact with the cirzuit elements.

his completes the deposition and diffusion processes. ' -

FINAL PROCESSING
A diamond scribe ie used to cut the wafers into individual circuits. The

.-:th- center of the header uling a high temperature alloy. Fine gold wires are '
thermal-compression bonded to the contact regions of the dice and then spot-
3 ,chldod to a header post. Final optical inepection and capping the header are
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“niques follow.
"1,  VAPOR PLATING

“Vapor plating is used primarily for semiconductors, oxides, and re-

- “fractories. The material to be deposited must be easily vaporized. The

/i—:—vapor is mixed with other gases and passed over the surface to be plated.

jeaction. The principal advantages of this technique are that oxides can be
Ty “depusited at relatively low temperatures and compound semiconductors can

e epitaxially grown. In addition, vapor plating results in more stable, and

- less porous, depositions for many materials than do other plating techniques.
2. +*VACUUM DEPOSITION

Vacuum deposition requires a heating source such as an electron gun or
= zesistance heater in a high vacuum. The heating source evaporates the

naterial, which rises through a template to be deposited in the designed

“pattern on the substrate above. The substrate may be active or passive.
acuum deposition is a convenient method of evaporatir g a wide range of
_~“metals, cermets, and dielectrics.

"~ 3. CATHODE SPUTTERING

Cathode sputtering is used to deposit refractory metals at room tempera-

BN (I TTIV PO LV (ORI O

. - ture in spite of their characteristically low vapor pressures and high melting
: ;"_pointl. In general, sputtering is slower than other deposition techniques, but

¢ advantage lies in the capability of depositing metals of superior stability,

_ RN
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wh:ch cannot be practically accomplished with other techmques. The

material is deposited in the following manner: A chamber is filled with
inert gas at a low vacuum. The material to be deposaited serves 2s a cathode -

3t several thousand volts below the substrate material, which is the anods.
--This causes ionized gas molecules to bombard the cathode and dislodge its
atoms, depositing them through a mask onto the substrate. This proc A8 -

—'k@ued for the formation of resistors and capacitors.

ELECTROCHEMICAL TECHNIQUES ) 7 S

Electrochemical techniques (electroplating) are used to deposite metals.

'__:{_or resistors, eclectrodes of capacitors, and conducting strips. Photoresist _

Jeguxpment used.
SILK-SCREENING

5,

Silk-screening, the direct application of circuit materials on a sub-

- strate through a mask, is used for the deposition of high-resistivity, high-
+ of from 600 to 80¢°C,

fv tability compounds at temperatures in the ran,:
- ‘Tolerances of 5 percent after deposition are further refined by abrasive

: Jailoring. Capacitors having thick dielectrics and low capacitance per unit
V'»;:’:irea are also deposited in this manner. The technigue is usually
networks. - -




